Human herpesvirus-6 (HHV-6) encephalitis following allogeneic hematopoietic cell transplantation is a serious and often fatal complication accompanying reactivation of HHV-6B. Incidence varies among studies, but is reportedly 0-11.6% after bone marrow or PBSC transplantation and 4.9-21.4% after umbilical cord blood transplantation, typically around 2-6 weeks post transplant. Symptoms are characterized by memory loss, loss of consciousness and seizures. Magnetic resonance imaging (MRI) typically shows bilateral signal abnormalities in the limbic system. This complication is considered to represent acute encephalitis caused by direct virally induced damage to the central nervous system, but our understanding of the etiologies and pathogenesis is still limited. The mortality rate attributable to this pathology remains high, and survivors are often left with serious sequelae such as impaired memory and epilepsy. Despite the poor prognosis, no validated treatments or preventative measures have been established. Establishment of preventative strategies represents an important challenge. This article reviews the current knowledge of the clinical features, incidence, pathogenesis and treatment of HHV-6 encephalitis, and discusses issues needing clarification in the future to overcome this serious complication.
INTRODUCTION
Reactivation of human herpesvirus-6 (HHV-6) is common after allogeneic hematopoietic cell transplantation (allo-HCT), [1] [2] [3] [4] [5] and is sporadically associated with the development of HHV-6 encephalitis. 1, [3] [4] [5] [6] [7] [8] The first case of HHV-6 encephalitis after allo-HCT was described in 1994 by Drobyski et al. 9 Since then, a significant amount of information regarding the incidence, risk factors, therapy and outcomes has been reported. Over the past decade, HHV-6 encephalitis has become well known as a significant complication of allo-HCT. However, several important questions have not been clarified. We know HHV-6 causes HHV-6 encephalitis, but we do not know how; we know what drugs may work in vitro, but we do not know how to apply them in vivo; we know that systemic HHV-6 reactivation sporadically accompanies encephalitis, but we do not know the mechanisms dividing symptomatic reactivation from asymptomatic.
In this article, we review the current understanding of HHV-6 encephalitis, and discuss the future directions needed to overcome this feared transplant complication.
DISEASE ASSOCIATIONS: WE DO NOT KNOW THE PRECISE DISEASE ASSOCIATION OF HHV-6 WITH ALLO-HCT
HHV-6 is a member of the Roseolovirus genus in the Betaherpesvirinae subfamily. HHV-6 comprises two closely related species, HHV-6A and -6B. 10 HHV-6B is a ubiquitous virus that infects virtually all children by 2 years of age 11 and is a causative agent for exanthema subitum. Less is known about the epidemiology and clinical significance of HHV-6A. Most HHV-6 infections in allo-HCT recipients are due to reactivation of HHV-6B. 1, 12 Reactivation of HHV-6 is usually asymptomatic, leading some to question its role as a pathogen. Because of the relatively high frequency of HHV-6 reactivation and existence of many causes for central nervous system (CNS) dysfunction after allo-HCT, establishing a causal relationship between HHV-6 reactivation and encephalitis is difficult. 13 However, accumulated data have shown that HHV-6 sporadically causes encephalitis in allo-HCT recipients. Wang et al.
14 detected HHV-6 DNA in cerebrospinal fluid specimens from 5 of 22 cases (23%) with CNS symptoms and in cerebrospinal fluid specimens from 1 of 107 controls (0.9%). Zerr and Ogata 15 showed that a causal association between HHV-6 and encephalitis can be demonstrated by application of the Bradford Hill criteria for strength of association, as a list of the criteria necessary to provide epidemiological evidence for causality, including consistency, specificity, temporality, biological gradient, plausibility, coherence, analogy and experimental evidence. 16, 17 (See Zerr and Ogata 15 regarding how HHV-6 meets these criteria.) CNS dysfunction attributable to HHV-6 may not necessarily appear as encephalitis. A well-designed, prospective study 18 demonstrated an independent association between HHV-6 reactivation and subsequent delirium. HHV-6 reactivation was also associated with subsequent neurocognitive declines. In that study, no typical imaging abnormalities associated with HHV-6 encephalitis were confirmed in any of the 9 patients who underwent brain magnetic resonance imaging (MRI).
HHV-6 may also cause bone marrow suppression or graft failure. CHROMOSOMALLY INTEGRATED HHV-6 (CIHHV-6): WE KNOW A FEW INDIVIDUALS HAVE CIHHV-6, BUT WE DO NOT KNOW ITS PATHOGENICITY HHV-6 is the only human herpesvirus known to integrate into the germline. 27 The complete HHV-6 genome becomes integrated into the telomere of every chromosome and is vertically transmitted. 27 This condition, ciHHV-6, is considered to be present in ∼ 1% of the populations of the United States and United Kingdom. 28, 29 Although ciHHV-6 can be induced to a state of viral replication both in vitro 27 and in vivo, 30, 31 whether the integrated virus can reactivate and cause disease in the setting of allo-HCT is unknown. To date, only one case of a patient with ciHHV-6A and HHV-6A reactivation as a possible cause of HHV-6 encephalitis in the setting of allo-HCT has been reported. 32 Individuals with ciHHV-6 always show abnormally high copy numbers of HHV-6 DNA in whole blood, and cerebrospinal PCR testing for HHV-6 may also become positive in patients with cerebrospinal fluid pleocytosis. 27, 33 As described below, blood HHV-6 DNA levels usually appear high in patients with HHV-6 encephalitis and the demonstration of positive HHV-6 DNA in cerebrospinal fluid is an important condition for diagnosis. As a result, ciHHV-6 should be carefully excluded before HHV-6 encephalitis is diagnosed. The possibility of ciHHV-6 should be considered when high viral DNA loads persist in blood despite an absence of clinical symptoms. In situations where a donor has ciHHV-6, the blood HHV-6 DNA load in the recipient will increase with engraftment. 34 Quantitative PCR results for HHV-6 are usually 410 6 copies/mL of whole blood. 27 Conversely, where a recipient has ciHHV-6, blood HHV-6 DNA in the recipient may appear high both before and immediately after HCT. PCR testing of hair follicles or nails for HHV-6 DNA can confirm ciHHV-6 status in recipients. 35 CLINICAL PRESENTATION AND DIAGNOSIS: WE KNOW CLINICAL FEATURES OF TYPICAL HHV-6 ENCEPHALITIS, BUT DO NOT KNOW THE VARIABILITY OF ITS PRESENTATION HHV-6 encephalitis typically develops ∼ 2-6 weeks after allo-HCT, [3] [4] [5] 36, 37 and symptoms often include delirium, amnesia, confusion, ataxia and seizure. The most typical initial symptom is memory loss with subsequent progression to confusion and loss of consciousness. 3, 36, 37 Overt seizures, including generalized seizures and partial seizures, develop in 40-70% of patients. [36] [37] [38] HHV-6 encephalitis may accompany syndrome of inappropriate antidiuretic hormone. [38] [39] [40] HHV-6 encephalitis typically shows an MRI signature of hyperintense lesions on T2-weighted, fluid-attenuated inversion recovery imaging and diffusion-weighted imaging of bilateral medial temporal lobes, primarily affecting the hippocampus and amygdala (Figure 1) . 3, 7, [36] [37] [38] 41, 42 Some investigators have termed this finding 'post-transplant acute limbic encephalitis (PALE) 38, 40, [42] [43] [44] and HHV-6 PALE has been diagnosed when the patient has detectable HHV-6 DNA in cerebrospinal fluid in the context of acute-onset altered mental status, amnesia, seizures or other evidence of medial temporal lobe disease involving the limbic system and no other identifiable etiology. 38, 42 A recent retrospective study 45 showed, however, not all cases of HHV-6-associated CNS dysfunction meet the criteria for PALE. HHV-6 may also cause myelitis that presents with systemic pruritus and severe pain in the extremities. [46] [47] [48] They indicate that HHV-6 should be considered as a possible cause of CNS dysfunction, even if the clinical presentation is atypical for HHV-6 encephalitis.
How should we diagnose HHV-6 encephalitis? The goldstandard technique to detect causative infectious agents in encephalitis is a study of brain biopsy material, 49 but this is not possible in most HCT recipients. The results of retrospective studies 14, 38 and many case reports 36 have suggested the importance of demonstrating HHV-6 DNA in cerebrospinal fluid, 3 image in (c) was taken from Ogata et al. 7 and images in (f-h) were taken from Ogata et al.
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HHV-6 encephalitis after allo-HCT M Ogata et al and several guidelines recommend cerebrospinal PCR testing for the diagnosis of HHV-6 encephalitis. [50] [51] [52] [53] Criteria frequently used in the literature to define HHV-6 encephalitis include: the presence of neurological symptoms (altered mental status, altered level of consciousness, amnesia, seizures and change in personality and behavior); positive PCR results for HHV-6 in cerebrospinal fluid (ciHHV-6 should be excluded); and the absence of other identified etiologies of CNS dysfunction. 5, 15, 37, 44, 45, 54 This criterion may enable physicians to diagnose HHV-6 encephalitis effectively and efficiently. False-positive results for HHV-6 DNA in cerebrospinal fluid may occur, 50, 52, 55 and hence positive results must be interpreted carefully in conjunction with clinical symptoms and negative results for other etiologies.
HHV-6 REACTIVATION AND HHV-6 ENCEPHALITIS: WE KNOW HHV-6 REACTIVATION IS COMMON AFTER ALLO-HCT, BUT DO NOT KNOW THE FACTORS DIVING SYMPTOMATIC REACTIVATION FROM ASYMPTOMATIC
With allo-HCT, reactivation of HHV-6 is observed in 30-70% of patients at 2-4 weeks after transplantation. [1] [2] [3] [4] [5] [6] The duration of displaying positive HHV-6 DNA in plasma is only 1-2 weeks in most cases. 3, 5, 7, 8 HHV-6B accounts for most reactivation events. 1, 12 Risk factors for displaying HHV-6 reactivation are HLA mismatch, 3, 4 steroid treatment, 1,3 transplants from unrelated donors 2,3 and umbilical cord blood transplantation (UCBT). 4, 5 HHV-6 encephalitis develops concomitant to peak blood HHV-6 DNA. 3, 5, 7, 8 Some studies in which blood levels of HHV-6 DNA have been monitored have shown a correlation between HHV-6 reactivation and the development of HHV-6 encephalitis, 1, [3] [4] [5] [6] [7] [8] 56 but others have failed to demonstrate such associations. 2, 57, 58 The reasons for these divergent results may be because of the low incidence of HHV-6 encephalitis even in patients with HHV-6 reactivation. For example, Hentrich et al.
2 reported encephalitis developing in 1 of 99 patients not infected with HHV-6, and 3 of 129 patients infected with HHV-6. Betts et al. 57 reported that rates of CNS dysfunction were similar in HHV-6 viremia-positive and -negative patients in their prospective study, including 82 patients. A recently published prospective multicenter study 5 evaluating plasma HHV-6 DNA twice a week after transplantation showed incidences of HHV-6 encephalitis of 0%, 8.1% and 16% among patients with peak plasma HHV-6 DNA o10 4 copies/mL, ⩾ 10 4 copies/mL and ⩾ 10 5 copies/mL, respectively. For identifying HHV-6 encephalitis, plasma HHV-6 DNA ⩾ 10 4 copies/mL offered 100% sensitivity and 64.6% specificity, whereas plasma HHV-6 DNA ⩾ 10 5 copies/mL offered 57.1% sensitivity and 90.6% specificity. 5 A large retrospective study 42 reported that the sensitivity and specificity of plasma HHV-6 DNA ⩾ 10 5 copies/mL were 71% and 94%, respectively, for identifying HHV-6 encephalitis. These studies suggest that higher levels of HHV-6 reactivation are associated with an increased risk of developing HHV-6 encephalitis. However, they also showed that even when the HHV-6 DNA plasma level was high, most patients still did not develop HHV-6 encephalitis. 5, 42 INCIDENCE AND RISK FACTORS: WE KNOW UCBT IS A RISK FACTOR OF HHV-6 ENCEPHALITIS, BUT DO NOT KNOW THE TRUE INCIDENCE AND OTHER RISK FACTORS Reported incidences of HHV-6 encephalitis in allo-HCT recipients have ranged from 0.95 to 11.6% (Table 1) . [3] [4] [5] 8, 42, 44, 45, 47, 54, 55, [59] [60] [61] [62] Many factors will affect the reported incidence, including the proportion of stem cell sources in the analyzed population, study design, definitions of HHV-6 encephalitis, selection of immunosuppressants and efforts toward diagnosis.
Clearly, UCBT represents a strong risk factor for HHV-6 encephalitis ( Table 1) . Among previous reports, a systematic review and meta-analysis of 19 papers, 62 a large-scale singlecenter retrospective study analyzing 1344 patients 42 and a prospective multicenter study monitoring HHV-6 reactivations 5 all showed a similar incidence, with 7.9-9.9% among UCBT recipients and 0.5-1.2% among bone marrow or PBSC transplant recipients developing HHV-6 encephalitis. The high incidence of HHV-6 encephalitis among UCBT recipients may be associated with the lack of memory T cells against HHV-6 in the cord blood that are certainly present in stem cells sourced from adult donors. However, use of antithymocyte globulin as part of the conditioning regimen rather decreases the frequency of HHV-6 reactivation. 5 Furthermore, HHV-6 encephalitis is quite rare in primary or acquired immunodeficiencies. 63 They suggest that development of HHV-6 encephalitis does not simply depend on impaired T-cell function.
The inflammatory milieu early after allo-HCT may be associated with the development of HHV-6 encephalitis. Mori et al. 47 reported that all of 13 patients with HHV-6 encephalitis/myelitis presented with pre-engraftment syndrome before the onset of encephalitis. A large-scale retrospective study 42 demonstrated acute GVHD as a significant risk factor with an adjusted hazard ratio of 7.5 (P o 0.001) for subsequent development of HHV-6 encephalitis. Among patients with high-level HHV-6 reactivation, GVHD and engraftment syndrome represented significant risk factors for subsequent development of HHV-6 encephalitis. 8 Classically, activating cytokines were thought to cause reactivation of herpesviruses. Several drugs, including hydrocortisone, or some antibiotics are associated with HHV-6 reactivation. 27 Apoptosis of lymphocytes triggers the lytic replication of HHV-6. 64 The cellular receptor for HHV-6B entry is CD134 that is present on activated T lymphocytes. 65 They suggest that immune reactions such as GVHD or treatment against the reactions may enhance HHV-6 replication and accelerate the development of HHV-6 encephalitis. Evaluation of the direction of the causative association between immune reaction and HHV-6 encephalitis will be important, because it may not only elucidate the pathogenic processes but also lead to the development of prophylactic approaches. Better prevention of GVHD and related inflammatory condition early after transplant may reduce the incidence of HHV-6 encephalitis.
Other risk factors for HHV-6 encephalitis include steroid treatment, 3 second UCBT, 47 use of alemtuzumab 59 and male sex. 45, 66 The significance of these factors remains unconfirmed. It is important to note that the incidence of HHV-6 encephalitis can be underestimated if HHV-6 encephalitis cannot be diagnosed adequately. A prospective multicenter study performing monitoring of HHV-6 reactivation 5 suggested that many patients may not be given a diagnosis of HHV-6 encephalitis when lumbar puncture is not performed.
PATHOGENESIS: WE DO NOT KNOW HOW HHV-6 CONTRIBUTES TO CNS DISEASE PATHOLOGY
To date, no evidence of productive HHV-6B infection has been obtained for neural stem cells, astrocytes and oligodendrocytes, [67] [68] [69] suggesting that CNS reactivation depends on systemic HHV-6 reactivation. Autopsy studies of patients who died with HHV-6 encephalitis have shown the hippocampus has strong reactivity against HHV-6, 9,70 and HHV-6 has displayed tropism for astrocytes in the hippocampus. 70 HHV-6B will directly cause neuronal damage based on the finding that HHV-6B localizes to pathologically damaged regions.
Nevertheless, other mechanisms may contribute to the pathology of HHV-6 encephalitis. An in vitro study showed HHV-6-induced dysregulation of glutamate uptake in HHV-6-infected astrocytes. 71 Such mechanisms may be responsible for the occurrence of seizures. Brain MRI commonly shows bilaterally symmetrical findings in the region of the limbic system (Figure 1) , suggesting the existence of systemic processes. HHV-6 PALE bears a clinical resemblance to paraneoplastic limbic encephalitis, a subacute illness associated with paraneoplastic autoantibodies. Not only high-level HHV-6 reactivation, but also a hypercytokinemic state preceding HHV-6 reactivation is associated with progression to HHV-6 encephalitis. 8 Furthermore, HHV-6-negative PALE has been described. 38 Such findings suggest the existence of multiple pathogenic mechanisms, including autoimmunity, autoantibodies or hypercytokinemic state, underlying the CNS manifestations of HHV-6 encephalitis.
OUTCOMES: WE DO NOT KNOW MUCH ABOUT THE MORTALITY RATE AND LONG-TERM OUTCOMES
A review of reported cases by Zerr 36 revealed that 11 of the 44 patients (25%) died of encephalitis, 14% showed improvement but died because of various problems, 18% were left with lingering neurological compromise and 43% appeared to make a full recovery. A multicenter survey in Japan 37 reported that 2 of 23 patients died from encephalitis, whereas 21 patients recovered. However, 10 of these 21 patients showed after-effects of shortterm memory impairment. A single-center retrospective study 42 showed that 5 of 19 patients (26%) died of encephalitis and 9 patients (47%) survived with residual fatigue and memory impairment. Sakai et al. 60 reported that four of five surviving patients were unable to return to society because of neuropsychological disorders. In that report, prominent hippocampal atrophy in the late phase was demonstrated on MRI. These data indicate a high mortality rate for HHV-6 encephalitis, and even among survivors, many patients are left with neurological compromise. Frequently reported sequelae include memory impairment and temporal lobe epilepsy. 36, 37 The variability of reported outcomes may be because of small cohorts of cases. A larger cohort study is needed to reveal more precisely the mortality rates and long-term outcomes of HHV-6 encephalitis.
TREATMENT: WE KNOW WHAT AGENTS ARE ACTIVE IN VITRO, BUT DO NOT KNOW HOW TO USE THEM FOR PATIENTS WITH HHV-6 ENCEPHALITIS
The International Herpes Management Forum, 50 European Conference of Infections in Leukaemia, 51 Clinical Practice Guideline by the Infectious Disease Society of America 52 and the Japan Society for Hematopoietic Cell Transplantation 72 all recommend foscarnet (PFA) or ganciclovir (GCV) as first-line therapies for HHV-6 encephalitis. However, no controlled trial to evaluate the clinical efficacy of these antiviral agents against HHV-6 encephalitis has been carried out and no validated treatments have been established.
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How should we treat HHV-6 encephalitis based on currently available data? Because neurological symptoms progress rapidly in patients who develop HHV-6 encephalitis, 3, 38, 41, 42 antiviral therapy should be started as soon as possible. Delayed initiation of antiviral therapy will give the HHV-6 time to expand in the brain. Studies of in vitro efficacy [73] [74] [75] [76] have identified PFA as showing the highest selectivity among anti-HHV-6 compounds, and PFA is therefore considered the preferred treatment option for HHV-6 encephalitis. Combination therapy with PFA and GCV 50,51 may be more effective than monotherapy, but the benefits and additional risks have yet to be assessed. In vitro susceptibility testing 73, 75 for isolated HHV-6 may be a reliable method for selecting antivirals, but the process is both time consuming and labor intensive.
For the treatment of HHV-6 encephalitis, the dose of PFA should not be reduced except in response to renal dysfunction. An in vitro study showed that 40-107 μM of PFA completely suppresses HHV-6 replication. 73, 76 The maximum drug concentration in blood from patients receiving 180 mg/kg/day PFA ranged from 560 to 580 μM. Raffi et al. 77 reported that the median ratio of the concentration in cerebrospinal fluid to that in plasma was 0.27. These observations suggest that the PFA concentration in cerebrospinal fluid theoretically achieves the therapeutic range in patients who receive 180 mg/kg/day of PFA. Actually, a clinical study of prophylactic PFA therapy showed that low-dose PFA (50 mg/kg/day) appeared insufficient, but PFA at 180 mg/kg/day was sufficient to suppress HHV-6 replication in cerebrospinal fluid. 41 If creatinine clearance is 41.4 mL/min/kg, then 180 mg/kg/ day of PFA should be used when treating HHV-6 encephalitis. Evidence to guide the optimal duration of therapy is sorely lacking. However, many clinicians would plan for at least 3 weeks of antiviral therapy. 15 Many other compounds that are active against cytomegalovirus, including brincidofovir (CMX-001), 78, 79 CMV423, 80 methylenecyclopropane analogs 81 and artesunate 82 have also been reported to inhibit HHV-6 in vitro. Administration of brincidofovir at a single dose of 2 mg/kg led to maximum plasma concentrations of 350 ng/mL 83 that sufficiently exceeds the half-maximum effective concentration of HHV-6B strain 79 without adverse events including changes in hematological or renal functions. 83 A case report showed artesunate was effective and safe for treating HHV-6B myocarditis. 84 Clinical trials will be required to assess the potential values of these drugs in the treatment of HHV-6-related diseases.
Recent progress of HHV-6-specific T-cell therapy is encouraging. [85] [86] [87] Adoptive transfer of anti-HHV-6 T cells may effectively reduce the clinical manifestations of HHV-6 encephalitis or prevent HHV-6 diseases in the future.
PREVENTION: WE DO NOT KNOW MEASURES FOR PREVENTING HHV-6 ENCEPHALITIS
Because the efficacy of antiviral treatment appears insufficient if HHV-6 encephalitis has already developed, the establishment of methods for prediction or prevention is expected. 7, 18, 47, 60, 88, 89 Can monitoring of HHV-6 reactivation predict the development of HHV-6 encephalitis? HHV-6 encephalitis develops concomitant to displaying high levels of plasma HHV-6 DNA. 3, 5, 7, 8 Plasma HHV-6 DNA loads, however, can elevate from undetectable to very high level within a few days in patients with HHV-6 encephalitis. 3, 5, 7 Monitoring of HHV-6 DNA may be useful to assume HHV-6 encephalitis in patients who present with CNS dysfunction, 5 but cannot predict the development of HHV-6 encephalitis in most cases. Actually, trials of plasma HHV-6 DNA-guided preemptive approaches have proven inadequate in preventing the development of HHV-6 encephalitis because of the dynamic kinetics of plasma HHV-6 DNA. 7, 90 Prophylactic administration of anti-HHV-6 antivirals will suppress HHV-6 replication and may effectively prevent the development of HHV-6 encephalitis. However, the toxicity of currently applicable antivirals limits the practical application for prophylaxis. Prophylaxis using GCV in the early phase of transplantation may compromise engraftment, and PFA is associated with renal toxicity. Furthermore, no available data have yet demonstrated any significant efficacy of prophylactic antiviral therapy in preventing HHV-6 encephalitis among allo-HCT recipients. A study evaluating the effects of prophylactic PFA showed that 50 mg/kg/ day of PFA for 10 days was safe, but failed to effectively suppress HHV-6 reactivation and could not prevent HHV-6 encephalitis. 41 To establish effective measures for preventing HHV-6 encephalitis, we are now conducting a clinical study of prophylactic PFA (90 mg/kg) for longer periods in UCBT recipients. The results of this study are encouraging because they may indicate the effect of currently available agents for high-risk patients, but we also consider that toxicity of PFA limits the practical application of prophylaxis to the wider HCT recipient population. Many other new compounds including brincidofovir, 78, 79 methylenecyclopropane analogs 81 or artesunate 82 may be available in the future for preventing HHV-6 encephalitis. A phase 2 trial showed that brincidofovir effectively prevented cytomegalovirus diseases without myelosuppression and nephrotoxicity in allo-HCT recipients. 91 Diarrhea was the most common adverse event.
91 Clinical trials will be required to assess the safety and efficacy of new agents to suppress HHV-6 reactivation and prevent HHV-6 encephalitis.
FUTURE NEEDS
1. To ascertain the true incidence and outcome. A large-scale prospective study or large cohort study may reveal the clinical significance of HHV-6 encephalitis more clearly. We are now conducting an epidemiological study using the Japanese national registry data. 2. To understand the pathophysiology. Analysis of inflammatory status in blood and cerebrospinal fluid (cytokines, chemokines and other biomarkers), antineuronal antibodies, biomarkers for blood-brain barrier injury and detailed autopsy study (HHV-6 status) may foster a better understanding of the pathophysiology 3. To determine optimal treatment. A randomized controlled study to evaluate the effect of antivirals against HHV-6 encephalitis may be difficult to achieve, because HHV-6 encephalitis is relatively rare and progresses rapidly. Collection of large-scale data about treatment (dose, start timing and duration of antiviral treatment such as GCV and PFA) and outcomes in patients with HHV-6 encephalitis will be useful to guide current treatment strategies. 4. To improve treatment. Effects of other compounds, particularly brincidofovir, are encouraging. Immunotherapy may effectively improve the outcomes of HHV-6 encephalitis. Clinical studies are needed to confirm the efficacies and toxicities of any new therapies. 5. To establish effective prophylaxis. The incidence of HHV-6 encephalitis according to risk factors (such as UCBT, GVHD or others) should be analyzed to determine who should receive prophylaxis. Clinical studies evaluating the safety and efficacy of prophylactic treatments using either currently available agents such as PFA or new compounds are needed. Furthermore, whether better control of GVHD or inflammatory conditions may reduce the incidence of HHV-6 encephalitis should be confirmed.
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